Reprinted from 

A. Jongerius (Editor) 

SOIL MICROMORPHOLOGY 

Elsevier Publishing Company, Amsterdam, 1964 69 
Printed in The Netherlands 


SOIL FAUNA AND SOIL PROFILE IN SOME INLAND-DUNE HABITATS 


J. VAN DER DRIFT 


Institute for Biological Field Research (Itbon), Arnhem (The Netherlands) 


INTRODUCTION 


Among the environments where the initial stages of profile development can 
be studied are the inland-dunes. Notwithstanding the fact that shifting sands 
on the Veluwe have been checked in the last hundred years by planting Scotch 
pine stands, there are still several sand dunes which provide an opportunity 
to study the development of vegetation, fauna and soil profile on these bare 
sands. 

The successive vegetation types on these sands are fairly well known, 
and those of the Veluwe were recently described extensively by Stoutjesdijk 
(1959). The inland-dune sand soils of the Veluwe were studied by Schelling 
(1955), and their suitability for afforestation was evaluated. The fauna in 
these soils has not yet been studied before. It may be expected that the soil 
fauna in the shifting sand is absent, or at best very scarce. In the initial 
vegetation types the soil fauna will also be rather poor. It seems possible 
to trace the specific effects of the few animal groups present, and to in- 
vestigate their role in the genesis of the soil profile. For this purpose the 
soil fauna was analysed in sand, and in four stages of vegetation development, 
at the Oud Reemster Zand in the National Park "De Hoge Veluwe". Thin 
sections of the soil profiles of this location were also made. 


SITE AND SAMPLING PROCEDURE 


The Oud Reemster Zand is one of the most southern inland-dunes of the 
Veluwe. The eastern part consists of a complex of hills and valleys. Big 
sand drifts ended here. At present sand is transported only on a limited 
scale. A picture of the sampling site is given in Fig.1. A sandy valley, partly 
covered by the Algae Prasiola crispa Menegh and Zygogonium ericetorum 
Kütz var. terrestre Kirchn, is fringed at the foot of the hills by patches of 
the moss Polytrichum piliferum Schreb. and tussocks of grass species in 
which Festuca ovina L. predominates. The flanks of the hills are partly 
grown over by a patchy vegetation of grasses, mosges and heather, Calluna 
vulgavis Sal. At the top of the hill some old pines, Pinus silvestris L., 
maintain themselves as remnants of a Scotch pine stand which was cleared 
many years ago. Within this site the following locations were sampled for 
Soil fauna and soil profile study: 
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Fig.1. Sampling site Oud Reemster Zand, Hoge Veluwe. 


(a) sand : bare sand without distinct algal cover; microscopic investigation 
reveals small colonies of Zygogonium ericetorum, 

(b) moss : patches of Polytrichum piliferum on the lower flanks of the hill. 

(c) grass : patches of Festuca ovina at the same place. 

(d) heather: about 30 cm high shrubs of Calluna vulgaris, with only a very 
thin litter and "humus" layer under them. 

(e) pine — : under the wide-spread branches of a single Pinus silvestris with 
a litter and humus layer, each about 3 cm thick. 


On 5 dates, November 6th and 14th, January 8th, February 25th and 
March 17th, soil samples of different sizes were taken in each of the habitats. 
For micro-arthropods the samples measured 20 cm?, for enchytraeids 100 
cm?, and for macro-arthropods 500 cm?. The samples were separated into 
sub-samples according to organic matter content. In general the depth of 
sub-sample (a), with the relatively highest content of organic remains, was 
about 1 cm. Sub-sample (b) extended to about 5 cm of depth, and sub-sample 
(c) from 5-10 cm. The latter sub-sample could be omitted in sand, moss 
and grass habitats, as the animal population in that layer seems to be either 
absent or very scarce. The organic layer under pine was separated into two 
sub-samples, (a1) and (a2), respectively comprising the needle layer-L and 
the fermentation layer F. Arthropod samples were desiccated in a Tullgren 
apparatus, and enchytraeids were extracted in a warm water funnel (O'Connor, 
1955). 
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Samples for thin sections were taken on December 10th. At each 
habitat two samples of 15 x 8 x 5 cm were taken, one in a horizontal direc- 
tion (depth 0—5 cm), and the other in a vertical direction (depth up to 15 cm). 
The technique used for the preparation of the sections with a thickness of 
15 u is fully described by Jongerius and Heintzberger (1963). 


RESULTS 
Fauna analysis 


Table I indicates the occurrence of the main groups of macro-arthropods 

in the five habitats. The few species occurring in the sand were met incident- 
ally here. They may cross the sand plain to find a new territory, but they 

do not live in this habitat. In the moss vegetation next to some incidental 
species, there are at least larvae of two Collembola and of two Nematocera 
species which feed on plant debris, and which occur regularly. Therevidae 
and Carabidae have mainly predacious habits, and Byrrhidae feed on moss. 

In the other three habitats the number of groups as well as the number of 
individuals increases considerably, culminatirig in the pine litter layer. The 
especially great abundance of Collembola is notable. 

In Table II the total numbers of micro-arthropods per 100 cm? are 
given, and the mean numbers of enchytraeids per 100 cm*. The mesofauna 
is lacking completely in the sand. In the moss patches the mites are mainly 
represented by very small Trombidiformes, and the Collembola by Isotomidae. 
Enchytraeids were not found in the moss. The Isotomidae is the only group 
of the mesofauna which may be of importance for the breakdown of plant 
residues in the Polytrichum sods. In the grass vegetation the saprophagous 
Isotomidae and Oribatei are much more numerous than in the moss and the 
likewise saprophagous Enchytraeidae occur densely. All three groups will 
play their role in the litter breakdown in this habitat. In the heather the 
Oribatei is by far the most numerous group, but the Isotomidae and Enchy- 
traeidae have also increased considerably. In the pine litter the Oribatei 
and Isotomidae remain at about the same level, while the Enchytraeidae 
have increased still more. The enchytraeid populations in grass, heather 
and pine are composed of two species: Cognettia sphagnetorum Vej., and 
Marionina clavata Nielsen and Christensen. Though the former prevails in 
the majority of cases the proportion varies widely. The Isotomidae, with 
few exceptions, consist of Isotoma sensibilis (Tullb.). 

The species composition of the Oribatei is given in Table III. The 
species are arranged according to their occurrence in the successive hab- 
itats. No single individual was met in the sand. In the moss only five oribatids 
belonging to four species were found and in the grass five species, one of 
which had not less than 40 specimens. Numbers of species and individuals 
increase in heather. Of thirteen species three had more than a hundred in- 
dividuals, Tectocepheus velatus, Trhypochthonius cladonicola and Carabodes 
minusculus. In the pine habitat 23 species occur, again with Tectocepheus 
and Trhypochthonius being the most abundant species, followed by the root- 
habiting Rhysotritia duplicata, 
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TABLE I 


The occurrence of macro-arthropods in inland-dune vegetations? 


Sand Moss Grass Heather Scotch pine 


Dendrobaena octaedra? (Sav.) 

Geophilidae 

Obisium muscorum Leach 

Lycosidae 

Linyphiidae 00° -------------- 
Macrargus rufus (Wider) 


Collembola? 


Neanura muscorum (Templ.) 
Isotoma sensibilis (Tullb.) 
Orchesella cincta (L.) 
Entomobrya nivalis (L.) 
Entomobrya 5-lineata Börn. 


Diptera Nematocera larv.? 
Chironomidae 
Mycetophilidae 
Ceratopogonidae 
Tipulidae 
Cecidomyuidae 


| 


Diptera Brachycera larv. 
Dolichopodidae/Empididae 
Rhagionidae 
Therevidae 


Coleoptera 
Carabidae = 2 —— -=------ 
Staphylinidae 
Byrrhidae 
Cantharidae 
Elateridae 


1 Key: ------ = occurring incidentally; ——— = scarcely; 


= abundantly. 


= regularly; 


? Feeding, at least partly, on plant debris. 


TABLE II 


Micro-arthropods and Enchytraeidae in several inland-dune habitats (Numbers per 100 cm?) 


Habitat Sand Moss Grass Heather Scotch pine 
subsample (a) () (a) (bd) (a) (b (a) (b) (o (al) (a2) (b) (e) 
approximate depth (cm) 0-1 15 01 1-5 01 1-5 0-1 1-5 5-10  46—3 43-0 0-5 5-10 
Gamasides 5 1 24 6 61 31 1 107 26 2 
Trombidiformes 29 3 18 1 23 11 1 
Uropodina 2 8 17 1 
Tyroglyphidae a 6 6 2 2 2 44 15 35 
Oribatei 4 2 40 16 1074119 1055 623 40 2 
Acari div. 3 8 63 6 67 12 1 
Poduridae 1 1 1 S 4 2 9 
Tullbergia 11 3 45 3 8 16 3 
Isotomidae 42 10 174 167 53 9 122 34 13 
Collembola div. 8 4 2 1 
Acari Total 1 47 3 80 27 1226160 1 1313 689 79 
Collembola Total 42 12 19 177 176 63 10 130 52 29 
Enchytraeidae 100 50 500 150 10 850 200 30 


SAINNA-ANYVTINI NI FIIIOUYd TIOS ANV YNNVA TIOS 
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TABLE III 


Oribatei in several inland-dune habitats (numbers per 100 cm?) 


vL 


Habitat Sand Moss Grass Heath Scotch pine 
subsample (a) (b) (9 (5b (a) () (a) (bp) (c (a1) (a2) (o) (o 
approximate depth (cm) 0-1 1-5 0-1 1-5 0-1 1-5 0-1 1-5 5-10 46—3 43-0 0-5 5-10 

Tectocepheus velatus (Mich.) E! 32 8 722 80 612 106 2 

Trhypochthonius cladonicola (Willm.) 1 107 6 67 9 t 

Oppia and Suctobelba spec. 2 2 4 16 2 7 15 1 

Nothrus silvestris Nic. 1 5 t 19 8 

Rhysotritia duplicata Grandj. La 7 9 39 28 1 

Brachychthonius spec. 2 45 4 6 5 

Carabodes marginatus (Mich.) 3 21 10 1 

Carabodes minusculus (Berl.) 114 4 

Chamobates incisus v.d. Hammen 12 5 30 10 

Camisia exuvialis Grandj. 12 7 2 

Platynothrus peltifer (C.L. Koch) á 6 30 7 

Camisia spinifer (C.L. Koch) a i 23 1 

Camisia segnis (Hermann) 2 1 

Hypochthonius rufulus C.L. Koch 13 15 1 

Trichoribates trimaculatus (C.L. Koch) 6 2 1 

Galumna spec. 7 

Steganacarus striculus (C.L. Koch) 6 

Camisia biverrucata (C.L. Koch) 4 

Carabodes labyrinthicus (Mich.) 1 

Thyrisoma lanceolata (Mich,) 1 

Pelops spec. 1 

Damaeus spec. 1 

Adoristes ovatus (C.L. Koch) 1 

Rhysotritia ardua (C.L. Koch) 1 
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Soil profile sections 


The thin sections were studied with magnifications up to 200 x. Characteristic 
parts were photographed (Fig.2-17). 


Sand 


Intermingled with the mineral grains (varying in diameter from 130-260 u). 
Various plant fragments occur, mainly pine needles blown in by the wind. 
The plant tissues are disrupted by shrinkage and mechanical damage. There 
is no evidence of animal attack on the tissues, nor animal droppings of any 
kind (Fig.2). In the top cm small patches of algal growth are found, mainly 
consisting of Zygogonium ericetorum, but sometimes accompanied by the 
larger Prasiola crispa. These Algae are disintegrating locally, but animal 
attack could not be observed (Fig.3). 


Moss 
In the top cm many plant fragments, together with droppings of macro- 
arthropods (diameter up to 1,000 u), Fig.4, and especially of springtails 
(diameter 251,000 u), occur. Excrements of oribatids and enchytraeids could 
not be found, and this is in accordance with the failing to record these an- 
imals in this habitat. The macro-arthropod excrements fall to pieces and 
are washed down to 2 cm of depth (Fig.5) together with the bigger springtail 
excrements. Their disintegration products.and the smaller springtail drop- 
pings (25-50 u) are transported down to 4 cm. They are distributed rather 
evenly between the sand grains (Fig.6, 7). At the lower limit they accumulate 
into small horizontal bands. Under these bands no organic particles occur. 


Grass 
The upper 1-2 cm contain plant fragments and a great many excrements of 
enchytraeids, springtails and macro-arthropods (saprophagous Nematocera 
larvae). The bigger excrements, with a diameter down to 100 u, are trans- 
ported downward to 2 cm at the most. Underneath, small excrements occur 
both separately and in groups. The latter may be deposited by enchytraeids 
(Fig.8, 9). Pores between the sand grains are bigger and more numerous 
than in the previous type. This may be caused partly by the movements of 
the enchytraeids. As a result of the more porous structure of the upper 6 
cm, the small organic particles are washed down to this depth. Dead roots, 
even in deeper layers, are mainly eaten by phthiracarid mites. Their pellets 
apparently remain surrounded by the unattacked rootbark during long periods 
‚(Fig.10). They are seldom observed free between the sand grains. Small 
springtails can also take part in the breakdown of roots (Fig.11). 


Heather 
The top cm consists mainly of plant remains accompanied by large masses 
of droppings of enchytraeids, collemboles, Nematocera larvae and mites. 
Down to about 5 cm excrements or parts of them, 100 ¡ or larger in dia- 
meter, occur. From 5-8 cm of depth only small particles occur. They are 
partly deposited by enchytraeids, and when present they occur in rather 
distinct strands, partly washed down by rain water. 
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The deeper in the profile, the smaller the diameter of the organic 
particles, which may accumulate in small horizontal bands (Fig.12). In this 
profile as in the others, numerous sclerotia give evidence of the presence 
of Fungi (Fig.13). The hyphae are visible, with highest magnification, on the 
sand grains and in the organic particles. 


Scotch pine 
The litter and humus horizons, each about 2-3 cm thick, contain few sand 
grains. The grains are blown into this layer or else were taken up by animal 
activity. The coarse plant fragments in the litter layer are attacked by 
enchytraeids, mites, collemboles and macro-arthropods, the excrements 
of which are present in large amounts (Fig.14). Those of enchytraeids 
measure about 40 u, while the mite pellets vary from 40-100 y (Fig.15). The 
collembole pellets range from 50-200 &, and those of macro-arthropods 
from 0.5-1.5 mm. Excrements of the earthworm Dendrobaena octaédra con- 
tain small sand grains (Fig.16). The humus layer mainly consists of animal 
excrements which are attacked by micro-organisms, especially Fungi. The 
bigger pellets fall to pieces in this horizon. The upper 3-4 cm of the mineral 
substrate are very rich in organic particles between the grains. They have 
been partly deposited here as excrements, but the main part is washed down 
from the A¿-horizon. Accumulations up to 300 u in diameter, consisting of 
dark brown amorphous organic material, occur (Fig.17). The lower limit of 
the occurrence of organic particles is still not reached at a depth of 15 cm. 


Fig.2. Transverse section through two pine needles, blown into the sand. 
No evidence of animal attack; no animal droppings & 18). 


Fig.3. Zygogonium ericetorum in the upper cm of the sand. At the bottom 
right are disintegrating Algae (x 128). 


Fig.4. Macro-arthropod excrement, probably a dropping of Nematocera 
larva in a moss habitat. The porous structure of the pellet indicates 
initiating disintegration (x 18). 


Fig.5. Macro-arthropod excrements washed down several cm into mineral 
substrate. Moss habitat (x 18). 


Fig.6. Evenly distributed pellets of isotomids at 3 cm of depth, washed down 
from the surface horizon of moss habitat (x 18). 


Fig.7. Isotomid excrements, washed down, at greater magnitifation (x 128). 


Fig.8. Enchytraeid excrements deposited at 3 cm of depth in the grass hab- 
itat (x 18). 


Fig.9. Part of the enchytraeid excrements at greater magnification (x 128). 
Note the difference from the springtail excrements in the moss layer (Fig.7). 
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GAST 
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DISCUSSION 


Identification of the droppings of soil animals in the soil profile is a pre- 
carious matter. Experiments have shown that the colour, shape and meas- 
urements of the pellets are dependent on the type of food and the size of 

the animal. Species feeding on a wide range of organic debris give particular 
difficulties in this respect. 

By studying very simple habitats, where both vegetation and fauna are 
composed of a small number of species, it seems possible to connect the 
droppings in the soil profile with the animal species. 

In the inland-dune investigated bare sand evidently produced too small 
amounts organic matter, and provided too poor meteorological circum- 
stances, for development of even a poor animal community. No animals were 
encountered in this habitat. The Algae present at the soil surface and the 
blown-in plant parts apparently were not attacked by any animal. 

In the moss habitat the only abundant saprophagous group is that of 
Collembola, with Isotoma sensibilis as the main species. The small pellets 
must be mainly ascribed to them. As this species was only recorded in this 
habitat in the upper 1-2 cm, and the excrements occurred down to about 4 cm, 
it seems likely that these excrements were washed down by percolating water. 
Their distribution around the sand grains and the occurrence of small hor- 
izontal bands at the lower limit also favour this supposition. 

In the grass, heather and pine habitats this downward movement of 
excrements, and of particles from them, also occurs. The depth of this 
movement increases with the development of vegetation. In the grass vegeta- 
tion the lower limit of organic matter transported downwards is 6 cm. In 


Fig.10. Phthiracarid mites leave their pellets in excavated dead roots, the 
bark of which generally remains unattacked (x 18). 


Fig.11. Small springtails (Isotomidae) may take part in the breakdown of 
dead roots (x 18). 


Fig.12. Excrements washed down by rain-water at about 7 cm of depth into 
a small horizontal band. Heather (x 18). 


Fig.13. Four sclerotia at 10 cm of depth, under heather (x 18). 

Fig.14. Plant fragments and excrements of enchytraeids (top left), spring- 
tails (middle left), and mites (middle right), in the litter layer of a Scotch 
pine (x 18). 


Fig.15. Rhysotritia duplicata excavate a piece of wood and leave their pellets 
(x 18). 


Fig.16. Dropping of the earthworm Dendrobaena octaédva , containing several 
sand grains. Litter layer of Scotch pine (x 18). 


Fig.17. Enchytraeid excrements about 2 cm below A,-layer of Scotch pine. 
At left, dark brown amorphous, organic accumulations (x 18). 
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the heather vegetation it increases to about 8 cm of depth, and under pine to 
more than 10 cm below the original soil surface. However, from the dis- 
tribution pattern of the organic material it seems evident that part of this 
material is deposited by animals on the spot. Rather large accumulations, 
with the longitudinal axis not only being horizontal but also vertical, or in 

any other direction, suggest that slowly moving animals such as enchytraeids 
have caused them. Indeed, they occur in the mineral layer, and in experiments 
with these worms in a small amount of soil between two glass sheets, they 
proved to concentrate their excrements along their galleries. It seems 

beyond doubt that enchytraeids contribute to the downward movement of or- 
ganic debris in the profile. To some degree other real soil inhabitants, like 
Tullbergia and Isoloma, may also have some effect in this respect. How- 

ever their excrements are more scattered, and it is difficult if not impossible 
to distinguish them from particles carried by water. Phthiracarid mites 
which penetrate into the deeper profile horizons do so by following dead 
roots. Their droppings occur in great numbers in the excavated roots, where 
they seem rather resistent to further decay. They consist mainly of micro 
plant fragments (up to 25 4) and hyphae. The most numerous oribatids, such 
as Tectocepheus velatus and Trhypochthonius cladonicola, do not leave the 
slightest trace of their activity. Investigation of the gut contents of 
Teclocepheus revealed that this species mainly eat spores of Fungi and hyphae. 
These are the main components of the gut contents of the other Oribatei too, 
with the exception of the Phthiracaricae. For the breakdown of plant remains 
they are of minor importance. 
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SUMMARY 


The soil fauna and the soil profile of five habitats in an inland-dune on the 
Veluwe, The Netherlands, are described. These habitats are: bare sand, a 
Polytrichum piliferum vegetation, a grass vegetation with Festuca ovina 
prevailing, a Calluna vulgaris heath, and a stand with some Pinus silvestris. 
In the bare sand no animals are living, and the Algae and blown-in plant re- 
mains are not attacked by animals. In the moss vegetation isotomids are the 
main agents in the breakdown of plant remains, their excrements being 
carried down to 4 cm of depth by percolating water. In the remaining three 
habitats the soil fauna increases in numbers and species with the increasing 
production of organic matter. Concordantly the "humus" containing layer 
increases in depth. In these habitats Enchytraeidae, Collembola and 
phthiracarid mites are the main saprophagous agents. 
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